Deregulating mitochondrial metabolite and ion transport has beneficial effects in yeast and human cellular models for NARP syndrome.
The m.8993T>G mutation of the mitochondrial MT-ATP6 gene has been associated with numerous cases of neuropathy, ataxia, and retinitis pigmentosa (NARP) and maternally inherited Leigh Syndrome (MILS), which are diseases known to result from abnormalities affecting mitochondrial energy production. We previously reported that an equivalent point mutation severely compromised proton transport through the ATP synthase membrane domain (FO) in Saccharomyces cerevisiae, and reduced the content of cytochrome c oxidase (Complex IV or COX) by 80%. Herein, we report that overexpression of mitochondrial oxodicarboxylate carrier (Odc1p) considerably increases Complex IV abundance and TCA-mediated substrate-level phosphorylation of ADP, coupled to conversion of α-ketoglutarate into succinate in m.8993T>G yeast. Consistently in m.8993T>G yeast cells, the RTG signaling pathway was found to be strongly induced in order to preserve α-ketoglutarate production; when Odc1p was overexpressed, this stress pathway returned to an almost basal activity. Similar beneficial effects were induced by a partial uncoupling of the mitochondrial membrane with the proton ionophore, CCCP. This chemical considerably improved the glutamine-based, respiration-dependent growth of human cytoplasmic hybrid (cybrid) cells that are homoplasmic for the m.8993T>G mutation. These findings shed light on the interdependence between ATP synthase and Complex IV biogenesis, which could lay the groundwork for the creation of nutritional or metabolic interventions for attenuating the effects of mtDNA mutations.